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(57) ABSTRACT 

A CMOS transistor device including a tensile-stressed 
NMOS transistor and a PMOS transistor is disclosed. The 
NMOS transistor includes a gate, a gate oxide layer between 
the gate and semiconductor substrate, a silicon oxide offset 
spacer on sidewalls of the gate, N type lightly doped source/ 
drain implanted into the semiconductor substrate next to the 
silicon oxide offset spacer, N type heavily doped source/drain 
implanted into the semiconductor substrate next to the N type 
lightly doped source/ drain, and tensile- stressed silicon nitride 
layer covering the gate, the N type lightly doped source/ drain, 
and the N type heavily doped source/drain. 

19 Claims, 12 Drawing Sheets 
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SEMICONDUCTOR CMOS TRANSISTORS 
AND METHOD OF MANUFACTURING THE 

SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention generally relates to the ?eld of semi 
conductor complementary metal-oxide semiconductor (here 
inafter referred to as CMOS) transistor devices, and more 
particularly to a method of manufacturing semiconductor 
NMOS and PMOS transistor devices having improved satu 
ration current (Idsat). 

2. Description of the Prior Art 

For decades, chip manufacturers have made transistors 
faster by making them smaller. FIGS. 1-5 are schematic 
cross-sectional diagrams illustrating a prior art method of 
fabricating a semiconductor CMOS transistor device. As 
shoWn in FIG. 1, an N Well 12 and a P Well 14 are formed in 

the semiconductor substrate 10. The N Well 12 is isolated 
from P Well 14 by shalloW trench isolation (STI) regions 16. 
Polysilicon gates 18 are formed on the N Well 12 and P Well 
14. Gate oxide layer 20 is disposed betWeen the polysilicon 
gates 18 and the semiconductor substrate 10. Each polysili 
con gate 18 has sideWalls 18a and a top surface 18b. 

As shoWn in FIG. 2, offset spacers 22 are formed on the 
sideWalls 18a of each polysilicon gates 18. Typically, the 
offset spacers 22 are silicon dioxide spacers. After the forma 
tion of the offset spacers, an ion implantation process 24 and 
an ion implantation process 28 are carried out to form N type 
lightly doped drain/ source 26 and P type lightly doped drain/ 
source 30 next to the polysilicon gates 18. 

As shoWn in FIG. 3, silicon dioxide liner 31 and silicon 
nitride spacers 32 are formed on the sideWalls 18a of each 

polysilicon gates 18. Succeedingly, an ion implantation pro 
cess 34 and an ion implantation process 38 are carried out to 

form N type heavily doped drain/ source 36 and P type heavily 
doped drain/ source 40 in the semiconductor substrate 10. 

As shoWn in FIG. 4, a salicide process is carried out to form 
silicide layer 46 on the top surface 18b of each polysilicon 
gate 18, and also on the N type heavily doped drain/ source 36 
and P type heavily doped drain/ source 40. Thereafter, a sili 
con nitride layer 50 having a thickness of about 300-600 
angstroms is deposited over the semiconductor substrate 10. 
The silicon nitride layer 50 acts as a contact etch stop layer 
(CESL) during the etching of contact holes. 

Subsequently, as shoWn in FIG. 5, a dielectric layer 54 is 
deposited on the silicon nitride layer 50. Using conventional 
lithographic and etching processes, contact holes are etched 
into the dielectric layer 54 and the silicon nitride layer 50 to 
expose a portion of the N type heavily doped drain/ source 36 
and P type heavily doped drain/ source 40. Finally, the contact 
holes are ?lled With conductive plug material 60 such as 
tungsten. In operation, a voltage applied to the gate creates an 
electric ?eld in the underlying gate channel. Depending on 
the polarity of the applied voltage, that ?eld turns on or off the 
electric current betWeen the transistor’s source and drain. 

HoWever, the chip manufacturers have reached the point at 
Which transistors are so small that the ability to keep shrink 
ing them is noW facing some challenges. For example, mainly 
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2 
because of current leakage (off-current) problem, manufac 
turers can no longer thin doWn available gate oxides as much 
as they used to. 

SUMMARY OF THE INVENTION 

It is the primary object of the present invention to provide 
a semiconductor CMOS transistor device having improved 
performance. 

It is another object of the present invention to provide a 
method of manufacturing a semiconductor CMOS transistor 
device having improved performance. 

According to the claimed invention, a CMOS transistor 
device is disclosed. The CMOS transistor device includes an 
NMOS transistor and a PMOS transistor. The NMOS transis 
tor includes a ?rst gate, a ?rst gate oxide layer betWeen the 
?rst gate and the semiconductor substrate, silicon oxide offset 
spacer on sideWalls of the ?rst gate, N type lightly doped 
source/ drain implanted into the semiconductor substrate next 
to the silicon oxide offset spacer, N type heavily doped 
source/ drain implanted into the semiconductor substrate next 
to the N type lightly doped source/ drain, and tensile-stressed 
silicon nitride layer covering the ?rst gate, the N type lightly 
doped source/drain, and the N type heavily doped source/ 
drain. The PMOS transistor includes a second gate, a second 
gate oxide layer betWeen the second gate and the semicon 
ductor substrate, silicon nitride spacer on sideWalls of the 
second gate, P type lightly doped source/ drain implanted into 
the semiconductor substrate under the silicon nitride spacer, P 
type heavily doped source/ drain implanted into the semicon 
ductor substrate next to the P type lightly doped source/drain, 
and compressive-stressed silicon nitride layer covering the 
second gate, the silicon nitride spacer, and the N type heavily 
doped source/drain, Wherein the tensile-stressed silicon 
nitride layer is disposed atop the compressive-stressed silicon 
nitride layer. 

These and other objectives of the present invention Will no 
doubt become obvious to those of ordinary skill in the art after 
reading the folloWing detailed description of the preferred 
embodiment that is illustrated in the various ?gures and draW 
1ngs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings are included to provide a 
further understanding of the invention, and are incorporated 
in and constitute a part of this speci?cation. The draWings 
illustrate embodiments of the invention and, together With the 
description, serve to explain the principles of the invention. In 
the draWings: 

FIGS. 1-5 are schematic cross-sectional diagrams illustrat 
ing a prior art method of fabricating a semiconductor CMOS 
transistor device; and 

FIGS. 6-12 are schematic cross-sectional diagrams illus 
trating a method of fabricating semiconductor CMOS tran 
sistor device in accordance With one preferred embodiment of 
the present invention. 

DETAILED DESCRIPTION 

The present invention pertains to an integrated CMOS 
process that involves the use of crystal strain technology. 
Crystal strain technology is becoming more and more attrac 
tive as a means for getting better performance in the ?eld of 
CMOS transistor fabrication. Putting a strain on a semicon 
ductor crystal alters the speed at Which charges move through 
that crystal. Strain makes CMOS transistors Work better by 
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enabling electrical charges, such as electrons, to pass more 
easily through the silicon lattice of the gate channel. 

Strain in?uences each type of electrical charges in CMOS 
transistors differently. Tensile strain, in Which the interatomic 
distances in the silicon crystal are stretched, typically 
increases the mobility of electrons, making N-type transistors 
faster. But tensile strain may not bene?t P-type devices as 
much, and it may even sloW them doWn. Compressive strain, 
in Which those interatomic distances are shortened, produces 
essentially the opposite effects. 

FIGS. 6-12 are schematic cross-sectional diagrams illus 
trating a method of fabricating semiconductor CMOS tran 
sistor device in accordance With one preferred embodiment of 
the present invention. As shoWn in FIG. 6, an N Well 112 and 
a P Well 114 are formed in the semiconductor substrate 100. 
The N Well 112 is isolated from P Well 114 by shalloW trench 
isolation (STI) regions 116. The semiconductor substrate 100 
may be a silicon substrate, silicon-on-insulator (SOI) sub 
strate or any suitable semiconductor substrate With epitaxial 
layers. Such epitaxial layers include, but not limited to, sili 
con epitaxial layer, silicon germanium epitaxial (SiGe) layer 
or the like. 

Polysilicon gates 118 are formed on the N Well 112 and P 
Well 114 using methods knoWn in the art. Gate oxide layer 
120 is disposed betWeen the polysilicon gates 118 and the 
semiconductor substrate 100. Each polysilicon gate 118 has 
sideWalls 118a and a top surface 11819. 
As shoWn in FIG. 7, offset spacers 122 having a thickness 

of about 20-150 angstroms are formed on the sideWalls 11811 
of each polysilicon gates 118. Typically, the offset spacers 
122 are silicon dioxide spacers. After the formation of the 
offset spacers, an ion implantation process 124 and an ion 
implantation process 128 are carried out to form N type 
lightly doped drain/ source 126 and P type lightly doped drain/ 
source 130 next to the polysilicon gates 118. 
As shoWn in FIG. 8, silicon nitride spacers 132 are formed 

on the sideWalls 11811 of each polysilicon gates 118. Succeed 
ingly, an ion implantation process 134 and an ion implanta 
tion process 138 are carried out to form N type heavily doped 
drain/source 136 and P type heavily doped drain/source 140 
in the semiconductor substrate 100, thereby forming an 
NMOS transistor 300 and a PMOS transistor 400. 
As shoWn in FIG. 9, a salicide process is carried out to form 

a silicide layer 146 on the top surface 118!) of each polysilicon 
gate 118, and also on the N type heavily doped drain/ source 
136 and P type heavily doped drain/ source 140. Such salicide 
process is knoWn in the art. Typically, a salicide process 
includes depositing a metal layer on the gate and source/drain 
regions, thermally reacting the metal layer With the underly 
ing silicon or polysilicon in contact With the metal layer, and 
removing the un-reacted metal layer. 

Thereafter, a silicon nitride layer 150 having a thickness of 
about 300-2000 angstroms, preferably 900-1100 angstroms, 
is deposited over the semiconductor substrate 100.According 
to the preferred embodiment of the present invention, the 
silicon nitride layer 150 is a highly compressive-stressed 
silicon nitride layer having a compressive stress that is larger 
than 1 Gpa, for example, 1.3 Gpa. To form such highly com 
pressive-stressed silicon nitride layer, a plasma-enhanced 
chemical vapor deposition (PECVD) can be employed. 
As shoWn in FIG. 10, a photo resist layer 172 is used to 

mask the PMOS transistor 400. The NMOS transistor 3 00 and 
the silicon nitride layer 150 over the NMOS transistor 300 are 
not covered by the photo resist layer 172. The un-masked 
silicon nitride layer 150 over the NMOS transistor 300 is then 
removed by etching such as dry etching or Wet etching. The 
silicon nitride spacers 132 on sideWalls of the polysilicon gate 
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4 
118 of the NMOS transistor 300 are also removed. After 
removing the silicon nitride spacers 132 of the NMOS tran 
sistor 300, the photo resist layer 172 is stripped. 

Subsequently, as shoWn in FIG. 11, a silicon nitride layer 
152 having a thickness of about 300-2000 angstroms, prefer 
ably 900-1100 angstroms, is deposited over the semiconduc 
tor substrate 100. According to the preferred embodiment of 
the present invention, the silicon nitride layer 152 is a highly 
tensile-stressed silicon nitride layer having a tensile stress 
that is larger than 1 Gpa, for example, 1.3 Gpa. To form such 
highly tensile-stressed silicon nitride layer, a PECVD can be 
employed. It is Worthy noted that the tensile-stressed silicon 
nitride layer 152 is directly deposited on the N type lightly 
doped drain/source 126 of the NMOS transistor 300 and 
covers the compressive-stressed silicon nitride layer 150 dis 
posed above the PMOS transistor 400. 
The tensile-stressed silicon nitride layer 152 strains the 

crystal in the gate channel of the NMOS transistor 300, 
thereby increasing the mobility of electrons, and making 
NMOS transistor 300 faster. On the other hand, the tensile 
stressed silicon nitride layer 152 does not adversely affect the 
PMOS transistor 400 since the interaction betWeen the com 
pressive-stressed silicon nitride layer 150 and the tensile 
stressed silicon nitride layer 152. 
According to another preferred embodiment of this inven 

tion, the transistor 300 as depicted in FIG. 11 is a PMOS 
transistor, the silicon nitride layer 152 is compressive 
stressed, While the transistor 400 as depicted in FIG. 11 is an 
NMOS transistor, and the silicon nitride layer 150 is tensile 
stressed. In this case, the compressive stressed silicon nitride 
layer can improve the performance of the PMOS transistor. 
As shoWn in FIG. 12, a dielectric layer 154 such as BSG, 

BPSG, undoped silicon glass (USG), or loW-k dielectrics is 
deposited on the silicon nitride layer 150. Using conventional 
lithographic and etching processes, contact holes are etched 
into the dielectric layer 154 and the silicon nitride layers 150 
and 152 to expose a portion of the N type heavily doped 
drain/ source 136 and P type heavily doped drain/ source 140. 
Finally, the contact holes are ?lled With conductive plug 
material 160 such as tungsten. 

Those skilled in the art Will readily observe that numerous 
modi?cations and alterations of the device and method may 
be made While retaining the teachings of the invention. 
Accordingly, the above disclosure should be construed as 
limited only by the metes and bounds of the appended claims. 
What is claimed is: 
1. A complementary metal-oxide semiconductor (CMOS) 

transistor device, comprising: 
a semiconductor substrate; 
an NMOS transistor having a ?rst gate, a ?rst gate oxide 

layer betWeen the ?rst gate and the semiconductor sub 
strate, silicon oxide offset spacer on sideWalls of the ?rst 
gate, N type lightly doped source/drain implanted into 
the semiconductor substrate next to the silicon oxide 
offset spacer, N type heavily doped source/drain 
implanted into the semiconductor substrate next to the N 
type lightly doped source/ drain, and tensile-stressed sili 
con nitride layer covering the ?rst gate, the N type lightly 
doped source/drain, and the N type heavily doped 
source/ drain, Wherein the tensile-stressed silicon nitride 
layer directly contacts the N type lightly doped source/ 
drain; and 

a PMOS transistor having a second gate, a second gate 
oxide layer betWeen the second gate and the semicon 
ductor substrate, silicon nitride spacer on sideWalls of 
the second gate, P type lightly doped source/drain 
implanted into the semiconductor substrate under the 
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silicon nitride spacer, P type heavily doped source/drain 
implanted into the semiconductor substrate next to the P 
type lightly doped source/drain, and compressive 
stressed silicon nitride layer covering the second gate, 
the silicon nitride spacer, and the N type heavily doped 
source/drain. 

2. The CMOS transistor device according to claim 1 
Wherein the tensile-stressed silicon nitride layer is disposed 
atop the compressive-stressed silicon nitride layer. 

3. The CMOS transistor device according to claim 1 
Wherein the tensile-stressed silicon nitride layer has a tensile 
stress that is larger than 1 Gpa. 

4. The CMOS transistor device according to claim 1 
Wherein the compressive-stressed silicon nitride layer has a 
compressive stress that is larger than 1 Gpa. 

5. The CMOS transistor device according to claim 1 
Wherein tensile-stressed silicon nitride layer has a thickness 
of about 900-1100 angstroms. 

6. The CMOS transistor device according to claim 1 
Wherein the compressive-stressed silicon nitride layer has a 
thickness of about 900-1100 angstroms. 

7. The CMOS transistor device according to claim 1 further 
comprising a silicide layer formed on the N type heavily 
doped source/drain and on the P type heavily doped source/ 
drain. 

8. The CMOS transistor device according to claim 1 
Wherein the compressive-stressed silicon nitride layer does 
not contact With the P type lightly doped source/ drain. 

9. A complementary metal-oxide semiconductor (CMOS) 
transistor device, comprising: 

a semiconductor substrate; 
a ?rst transistor having a ?rst gate, a ?rst gate oxide layer 

betWeen the ?rst gate and the semiconductor substrate, 
offset spacer on sideWalls of the ?rst gate, ?rst lightly 
doped source/drain implanted into the semiconductor 
substrate next to the offset spacer, ?rst heavily doped 
source/drain implanted into the semiconductor substrate 
next to the ?rst lightly doped source/drain, and ?rst 
etching stop layer having ?rst stress status covering the 
?rst gate, the ?rst lightly doped source/drain, and the 
?rst heavily doped source/drain, Wherein the ?rst etch 
ing stop layer directly contacts the ?rst lightly doped 
source/drain; and 
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a second transistor having a second gate, a second gate 

oxide layer betWeen the second gate and the semicon 
ductor substrate, silicon nitride spacer on sideWalls of 
the second gate, second lightly doped source/drain 
implanted into the semiconductor substrate under the 
silicon nitride spacer, second heavily doped source/ 
drain implanted into the semiconductor substrate next to 
the second lightly doped source/drain, and second etch 
ing stop layer having second stress status opposite to the 
?rst stress status, the second etching stop layer covering 
the second gate, the silicon nitride spacer, and the second 
heavily doped source/drain. 

10. The CMOS transistor device according to claim 9 
Wherein the ?rst etching stop layer is disposed atop the second 
etching stop layer. 

11. The CMOS transistor device according to claim 9 
Wherein the ?rst transistor is an NMOS transistor and the 
second transistor is a PMOS transistor. 

12. The CMOS transistor device according to claim 9 
Wherein the ?rst etching stop layer comprises silicon nitride, 
and the ?rst stress status is tensile stress. 

13. The CMOS transistor device according to claim 9 
Wherein the second etching stop layer comprises silicon 
nitride, and the second stress status is compressive stress. 

14. The CMOS transistor device according to claim 9 
Wherein the ?rst etching stop layer has a thickness of about 
900-1100 angstroms. 

15. The CMOS transistor device according to claim 9 
Wherein the second etching stop layer has a thickness of about 
900-1100 angstroms. 

16. The CMOS transistor device according to claim 9 
Wherein the offset spacer is made of silicon oxide. 

17. The CMOS transistor device according to claim 9 
Wherein the ?rst transistor is a PMOS transistor and the sec 
ond transistor is an NMOS transistor. 

18. The CMOS transistor device according to claim 9 
Wherein the ?rst etching stop layer comprises silicon nitride, 
and the ?rst stress status is compressive stress. 

19. The CMOS transistor device according to claim 9 
Wherein the second etching stop layer comprises silicon 
nitride, and the second stress status is tensile stress. 


